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Changes in bacterial population during storage of treated seeds of maize (Zea mays L.), bean (Phaseolus vulgaris L.), lettuce (Lactuca sativa
L.) and cucumber (Cucumis sativus L.) coated with Bacillus sp. were investigated over a 12-month period. The isolates designated as B9, B11,
B69, B77 and B81 were grown in Tryptone Soy Broth (TSB) synthetic medium for 72 h at 30 -C (100 rpm) in a shaker (model Sterilab). Cells
were harvested at 10000 rpm for 15 min (Beckman Centrifuge JA 20) and washed with sterile distilled water. Final viable cell concentration of
pellets was determined by serial dilutions on Tryptone Soy Agar (TSA). The isolates were each applied to each seed lot using a seed sticker,
Pelgel\, according to the manufacturer’s (Nitragen [Lymphatec]) specifications. The seeds were coated with approximately 9 log10 CFU/ml of the
bacterium, air-dried in a laminar flow chamber and placed at ambient (shelf-life) temperature. For enumeration of attached cells, 1 g of each seed
lot was placed in a 9 ml quarter-strength Ringer’s solution, vortexed for 2 min, followed by plating of the serial dilutions on TSA. The initial
bacterial populations, which adhered to the spermosphere of the seed samples, ranged between 6 and 7 log10 CFU/g seed. There was an initial
slight upward trend from month 1 to 5 by 1–2 log CFU/g for maize and bean. For maize, population stabilized between 6.91 and 7.54 log CFU/g
in months 5 and 6. For bean, the highest population was obtained in month 4 between 6.52 and 7.95 log CFU/g. Populations stabilized in months 5
and 6 ranging from 6.23 to 6.98 log CFU/g. Thereafter, there was a downward trend from month 7. For cucumber, populations increased slightly
up to month 4 in the order of magnitude of 1–2 before stabilizing between 6.11 and 6.78 log CFU/g in months 5 and 6. However, populations on
lettuce decreased slightly up to month 2 before increasing slightly in months 3 and 4. Populations stabilized in months 5 and 6 ranging between
6.8 and 8.6. In all the samples, populations decreased from month 7 to the last sampling month. There was a 5% level of significant difference
between the months for each of the seeds, but treatments within the seeds were not significant for maize, bean and cucumber.
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In recent years, biological control of plant diseases is gaining
attention due to increased public concern about the use of
fungicides for crop protection and development of pathogen
resistance (Wisniewski and Wilson, 1992). Presently, control of
plant diseases is based largely on genetic resistance in the host
plant, management of the plant and its environment and
synthetic pesticides (Strange, 1993). There is growing concern
over non-target organisms (Guy et al., 1989; Elmholt, 1991), or
development of resistance in pathogenic populations (Russell,
1995). Increasing the abundance of a particular strain in the0254-6299/$ - see front matter D 2005 SAAB. Published by Elsevier B.V.
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E-mail address: ugojie@mail.com (E.O. Ugoji).vicinity of a plant rhizosphere can suppress disease without
producing lasting effects on the microbial community or other
organisms in the environment (Gilbert et al., 1993; Osburn et
al., 1995). Public concerns with fungicide residues, as well as
pathogen resistance to some pesticides, have increased the need
to find alternative methods for protection against crop diseases
(Dal-Bello et al., 2002). The use of environmentally friendly
microorganisms has proved useful in plant-growth promotion
and disease control in modern agriculture (Weller, 1988).
Kravchenko et al. (2002) averred that the inoculation of
cultivated plants with plant-growth-promoting rhizobacteria
(PGPR) is a promising agricultural approach, for it allows pests
to be controlled without using pesticides in large amounts.
Plants play a major role on the populations associated with its
root system, even then, the influence of the soil cannot beany 72 (2006) 28 – 33
ww
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Fig. 1. SEM of inoculated maize seed showing Bacillus (B81) cells (B) and the
seed coat adhesive, Pelgel\ (P).
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soils of different texture (Latour et al., 1996). Four very
important factors determining whether and when a seed will
germinate are water availability, light, temperature, age of the
seed and energy. The presence of some starch stored in oilseeds,
for example, provides the seed with a readily accessible source
of energy during germination. The demonstration that PGPR
strains release different volatile blends and that plant growth is
stimulated by different blends establishes an additional function
for volatile organic compounds as signaling molecules medi-
ating plant–microbe interactions (Ryu et al., 2003).
Polyanskaya et al. (2002) stated that the most extensively
studied microbial stimulants of plants are bacteria of the genera
Azospirillum , Pseudomonas , Acetobacter, Burkholderia,
Enterobacter and Bacillus. Bacteria fertilizers (killed bacteria
cultures) are widely used in developed countries with
increasing evidence that live bacterial cultures are very efficient
in agriculture. Sporulating Gram-positive microorganisms such
as Bacillus and Streptomyces have heat and desiccation
resistant spores, which can be formulated into stable products.
The biopesticide Kodiak R, a Bacillus subtilis biocontrol seed
treatment suppressed Rhizoctonia solani and Fusarium and
stimulated plant growth (Brannen, 1997; Backman et al., 1994;
Turner and Backman, 1991).
A biological agent must possess among other desirable
characteristics, propagules that must be viable with good shelf-
life (Lianski, 1985). Shelf-life varies widely in response to
many factors, e.g. temperature, species, shelf-life stage, water
availability, production and harvest method. Prolonged storage
can slow subsequent spore germination (Lianski, 1985). In
germination tests, short duration storage resulted in germina-
tion within 24 h but longer storage resulted in an extended
germination over 48 h (Moore et al., 1995). Many Bacillus
strains can suppress growth of plant pathogenic organisms by
the production of peptide antibiotics (Liefert et al., 1995).
These antibiotics are effective against Gram-negative and
Gram-positive bacteria, moulds and yeasts (Madigan et al.,
2000). Bacillus spp. have been used for many years in attempts
to control plant pathogens and increase plant growth (Turner
and Backman, 1991; Holl and Chanway, 1992; Manero et al.,
1996; Kim et al., 1997a). In addition to increasing crop yields,
different strains of PGPR can exert various effects on plants
including biological control of soil-borne pathogens (Kloepper
et al., 1991).
Biological control offers an environmentally friendly
alternative to the use of pesticides for controlling plant
diseases. Knowledge of the biological environment in which
the agent will be used and of how to produce a stable
formulation is critical to successful biocontrol. Gram-positive
bacteria like Bacillus have an advantage over their Gram-
negative counterparts due to the formation of endospores
(Emmert and Handelson, 1999). Sporulating Gram-positive
microorganisms such as Bacillus and Streptomyces offer heat
and desiccation-resistant spores, which can be formulated as a
dry powder, while Gram-negative microorganisms, like Pseu-
domonas syringae, are formulated as frozen cell pellets that
must be kept in ice until application (Slininger et al., 1996).The aim of this work was to determine the survival of
Bacillus subtilis B9, B11, B69, B77 and B81 introduced on
different seeds with a view to determining the shelf-life.
2. Materials and methods
2.1. Seeds and microorganisms
The seeds used were maize (Zea mays L., cv. PAN 6479),
bean (Phaseolus vulgaris L., cv. Sodwana), lettuce (Lactuca
sativa L., Great Lakes) and cucumber (Cucumis sativus L.,
Ashley). Bacillus subtilis B9, B11, B69, B77 and B81 used
were obtained from the Department of Microbiology and Plant
Pathology, University of KwaZulu-Natal, South Africa. They
were grown in Tryptone Soy Broth (TSB) synthetic medium
for 72 h at 30 -C (100 rpm) in a shaker (model Sterilab). Cells
were centrifuged at 10000 rpm (Beckman Centrifuge JA 20)
for 15 min and washed with sterile distilled water. The
supernatant (eluent) and cell washings were discarded. Final
cell concentration of the pellets was determined by serial
dilutions and plate counts conducted on Tryptone Soy Agar
(TSA).
2.2. Water content determination
Approximately 5 g of each seed lot was placed in a Petri
dish and dried in the oven at 105 -C for 4 h and weighed until a
constant weight was obtained.
2.3. Seed bacterization
Seeds were surface-disinfected for 3 min in 1% (w/v)
NaOCl, rinsed in 70% (v/v) ethanol for 3 min before finally
rinsing three times in sterile distilled water (El-Sayed et al.,
2002). The efficacy of disinfection was tested by placing
samples of the treated seeds on potato dextrose agar (PDA) and
nutrient agar (Difco) plates for any microbial growth. Bacillus
isolates B9, B11, B69, B77 and B81 containing approximately
9 log10 CFU/ml were applied to the surface-sterilized seeds
using a seed sticker, Pelgel\, according to the manufacturer’s
Fig. 2. Maize seed — stacked bar chart of mean values for log10 CFU/g vs. time in months showing standard error bars of the mean at 2.5%.
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bacterial suspension for 4 h at 30 -C in a shaker at 100 rpm.
Control seeds were not coated. The bacterized seeds were
placed in paper towels and air-dried in a laminar flow
chamber overnight. For enumeration of attached cells, 1 g of
each seed lot was placed in 9-ml quarter-strength Ringer’s
solution followed by 2 min vortexing (Vortex, Thermolyte
16700 mixer). Serial dilutions were then plated on TSA. Seed
samples were placed in 3015 cm2 brown paper bags and
then stored at room temperature. Every month, a sub sample
of each seed lot was removed from storage and microbiolog-
ical analysis of the coated seeds and controls were conducted
to determine the microbial load.
2.4. Scanning electron microscopy (SEM)
To ascertain the attachment of the cells on the seeds,
scanning electron microscopy (SEM) was used. Seeds were
fixed in 3% buffered glutaraldehyde (0.1 M; pH 7.0). After 8 h
of refrigeration at 4 -C, the specimens were dehydrated through
an ethanol series (30%, 50%, 70%, 90%) followed by a
duplicate absolute alcohol wash for 30 min each. After
dehydration, the specimens were dried in a Critical Point
Drier (CPD) (Hitachi HCP-2) with carbon dioxide as theFig. 3. Bean seed — stacked bar chart of mean values for log10 CFU/g vtransition fluid and mounted on copper stubs using a double-
sided sticky tape. Specimens were coated with gold–palladium
in a Polaron sputter coater and viewed under SEM (Hitachi
S 570) at 10/15 kV (Rovira and Campbell, 1974).
2.5. Statistical data
Data were subjected to analysis of variance (ANOVA) using
the Microsoft Excel XP Data Analysis Tool Pack to determine
the effect of storage on Bacillus sp. The means of treatments
were separated based on least significant difference (LSD) at
5% level of probability.
3. Results and discussion
3.1. Water content
The seeds had low levels of hydration—maize (7%), bean
(8%), cucumber (6%) and lettuce (5%). The dry seed is
characterized by a remarkably low level of metabolism. This is
probably a direct result of the very low level of hydration of the
seeds, whose water content ranged between 5% and 8%. Dry
seeds show a very low rate of respiration that begins to rise
rapidly when the seeds are placed in water.s. time in months showing standard error bars of the mean at 2.5%.
Fig. 4. Cucumber seed — stacked bar chart of mean values for log10 CFU/g vs. time in months showing standard error bars of the mean at 2.5%.
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Initial cell density of the coated seeds was approximately 6–
7 log10 CFU/g seed. Fig. 1 shows SEM of inoculated maize
seed with Bacillus (B81) cells and the seed coat adhesive,
Pelgel\ (P). The log bacterial populations of Bacillus spp. on
maize, bean, cucumber and lettuce in storage over a 12-month
period are depicted (Figs. 2 and 5). They show the stacked bar
charts in natural log CFU/g seed with 2.5% positive error bars.
There was an initial slight upward trend from month 1 to 5 by
1–2 log CFU for maize and bean. For maize, population
stabilized between 6.91 and 7.54 log CFU/g in months 5 and 6
(Fig. 2). For bean the highest population was obtained in month
4 between 6.52 and 7.95 log CFU/g. Populations stabilized in
months 5 and 6 ranging from 6.23 to 6.98 log CFU/g (Fig. 3).
Thereafter there was a downward trend from month 7. For
cucumber, populations increased slightly up to month 4 in the
order of 1–2 before stabilizing between 6.11 and 6.78 log
CFU/g in months 5 and 6 (Fig. 4). However, populations onFig. 5. Lettuce seed — stacked bar chart of mean values for log10 CFU/glettuce decreased slightly up to month 2 before increasing
slightly again in months 3 and 4. Populations stabilized in
months 5 and 6 ranging between 6.8 and 8.61 log CFU/g (Fig.
5). In all the samples, populations decreased from months 7 to
the last sampling month. There was a 5% level significant
difference between the months for each of the seeds, but
treatments within the seeds were not significant for maize, bean
and cucumber. For lettuce the observed F-statistic value (2.83)
was greater than the critical F-value of 2.57 and was therefore
significant at 5% level of significance. The reason for these
increases may be that, spores germinated accounting for the
slight increases in population in the recovery medium. At the
time of bacterization, some of the cells may still be at the
vegetative stage, while others may be at the start of the spore-
forming stage. Some of the spores may be matured while others
may be at different developmental stages. In accounting for the
decreases in population over time, some of the vegetative cells
may have died while some did not continue the sporulating
stage as was evident from months 7 to 12. Reduction in initialvs. time in months showing standard error bars of the mean at 2.5%.
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lag phase required for acclimatization in the recovery medium.
Initially, lettuce had more bacterial cells adhering to the seed
coat than the other seed samples. This is due to its rough
surface in comparison to the smooth surfaces of maize, bean
and cucumber seeds.
Spore-forming Bacillus spp. are of interest as inoculants
because spores are easy to prepare in large quantities (Petras
and Casida, 1985) and will retain viability in storage in
extended periods, i.e., have an extended shelf-life (Young et
al., 1995). They also survive in a dormant form until
conditions are appropriate for germination and activity (Van
Elsas et al., 1986). On storage of these seeds, cryptobiosis
may have set in, in the bacterium but as soon as a suitable
medium was added the spores imbibed water, swelled and
germinated. Kim et al. (1997b) reported that populations of
Bacillus spp. L324-92R12 remained constant or increased
slightly over a period of 150 days. Some of the PGPR seed
treatments increase germination rate and, later, root and shoot
growth in ways similar to indole-3-acetic acid, cytokinin and
gibberellin treatments but the role volatile emissions from the
bacteria play in plant development is unknown (Ryu et al.,
2003). The contribution of particular mechanisms to the
overall effect of introduced bacteria may depend on the
physiology of the plants and the agronomic conditions of the
cultivation (Polyanskaya et al., 2002). Dal-Bello et al. (2002)
observed that seed bacterization has proven a successful
method for enhancing biological control of plant diseases.
Seed treatment with biocontrol agents is one of the most
suitable application methods for biocontrol of soil-borne
pathogens in the spermosphere and rhizosphere. Seed coating
may be especially effective for controlling pre-emergence and
post-emergence of diseases.
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